13. Naresh, R., et al. The severity of ovine footrot is a continuum that ranges from benign footrot, which presents as an interdigital dermatitis, to virulent footrot, which involves severe underrunning of the horn of the hoof and the separation of the hoof from the underlying tissue ( Fig. 1A ), leading to lameness (Fig. 1B ) and loss of body weight [4] [5] [6] .
Consequently the disease results in significant losses to the sheep industry due to a reduction in meat and wool production and the cost of control and treatment programs 7, 8 .
Clinical disease is dependent upon the virulence properties of the causative D. nodosus isolate and the presence of warm and wet climatic conditions. Type IV fimbriae and extracellular serine proteases were shown to be major virulence factors following the development of methods for the genetic manipulation of D. nodosus 2, 9 . Type IV fimbriae also are required for optimal serine protease secretion [9] [10] [11] .
Virulent strains of D. nodosus secrete two acidic proteases, AprV2
and AprV5, and the basic protease BprV, which putatively cause tissue damage during a footrot infection 2, 12 . The equivalent proteases in benign strains are known as AprB2, AprB5 and BprB 13, 14 .
Phenotypic characterisation of the extracellular proteases, including analysis of their elastase activity and protease thermostability, has been traditionally used for the differentiation of benign and virulent strains of D. nodosus 15, 16 , with virulent isolates often producing elastase positive, thermostable proteases and benign strains generally having an elastase negative, more thermolabile protease phenotype. Note that these phenotypes do not absolutely correlate with virulence.
These proteases are synthesised as precursors with an N-terminal pre-pro-region, a serine protease domain and a C-terminal extension. The amino acid sequences of the catalytic protease domains are highly conserved (~65% identity) [17] [18] [19] , but the sequences of the C-terminal extensions are less conserved, showing only approximately 35% similarity. The active proteases are produced by cleavage of the pre-pro region and the C-terminal extension 17, 18, 20 .
Sequence analysis of the C-terminal extensions revealed that they contain a P-domain, which is typically associated with eukaryotic pro-protein convertases that belong to the subtilisin-like protease superfamily 6, 21 .
To assays of culture supernatants, using azocasein as the substrate, revealed that AprV5 made the major contribution to overall protease activity; followed by AprV2, with BprV only making a minor contribution 2 . Double mutants had very little protease activity, suggesting that the proteases may act synergistically, or that one or more may be involved in the activation of the other proteases 2 . The mechanism of processing of the extracellular proteases was further examined by zymogram analysis and Western blotting using AprV5-, AprV2-and BprV-specific antisera 3 . The results indicated that AprV5 is responsible for its own maturation and for the optimal processing of both AprV2 and BprV. By constructing a series of C-terminal truncated aprV5 mutants in D. nodosus, it also was shown that the C-terminal extension of AprV5 is required for efficient processing of all three enzymes, presumably because it is required for the optimal selfprocessing of AprV5. In the absence of this domain, protease processing is delayed 3 . Moreover, it was shown that cleavage of the pro-domain and the C-terminal extensions of the AprV2 and BprV precursors occurs after secretion.
Elastase assays revealed that AprV2 is responsible for the elastase activity found in most virulent isolates of D. nodosus ( Fig. 2A) 2 .
AprV2 is also the major thermostable protease (Fig. 2B) . Complementation of the aprV2 mutant with the benign protease gene aprB2 restored the overall protease activity to that of the wild type, but not the elastase activity or thermostability; therefore this strain had the phenotype of a benign strain, despite possessing two functional virulent protease genes, aprV5 and bprV.
The virulent wild-type strain, each of the protease mutants, and their corresponding complemented derivatives, were examined in a sheep virulence trial to determine the role of the proteases in 
